In this article, we applied the variational iteration method along with a Padé approximation (VIMPadé) to obtain the analytical approximate solution for the motion of a spherical particle in a plane Couette flow. We studied the effects of different flow parameters on the velocity field. It is examined that the present analytical technique is extremely efficient and easy to apply for such a problem.
Introduction
The problem of the movement of immersing bodies in fluids exists in a combination of manufacturing development such as chemical engineering and dust system. Several mechanisms could be found in the scientific writing [1 -3] which discussed the impact of isolated particles in solid media.
The accelerated motion of a falling sphere contains the measurement of the particle position, velocity, and acceleration at any instant of time in Newtonian fluids. These motions also comprise centrifugal and gravity collection, where it is often essential to understand the paths of particle accelerating in a fluid for the purposes of construction or improved performance. In a further model in Newtonian fluids, for instance raindrop settling velocity measurements and viscosity computations using the falling sphere method, it is also essential to understand the time and space necessary to complete the ultimate velocity for a given sphere-fluid mixture. In the last few years, significant interest has been devoted to the study of the accelerated motion of a sphere in a fluid, and theoretical advancement in this area has been given for Newtonian fluids [4 -8] .
Though an analytical approach is suitable for engineering computations and is also the clear starting position for a better understanding of the connection between the physical characteristics of the sphere fluidmixture and the accelerated motion of the sphere. The aim of the present paper is to find a new analytical solution for the equations that govern the two-dimensional motion of a spherical particle in plane Couette fluid flow and also study the effects of different flow parameters on velocity and acceleration profiles.
The paper is prepared as follows: In Section 2, the fundamental concept of the variational iteration method is presented. Section 3 includes the basic idea of rational polynomial approximation, Section 4 contains governing equations. Section 5 is devoted to convergence analysis of VIM. In Section 6, we present series solutions obtained with VIM, and results are discussed in Section 7. The concluding remark is given in the last segment.
Variational Iterative Method
To demonstrate the fundamental idea of the variational iteration method (VIM), we consider the following general differential equation:
where L is a linear operator, N is a nonlinear operator, R is the remaining of the linear operator, and g(x) is the forcing term. According to VIM [9 -12] , we can construct a correction functional as 
where λ is a Lagrange multiplier which can be obtained optimally by means of the variational iteration method. The subscripts n represent the nth approximation,w n is measured as a restricted variation, that is, δũ n = 0. Relational (2) is called a correctional functional. The principles of VIM and its applicability for different kinds of differential equations are given in [13, 14] . In this method, it is required first to determine the Lagrange multiplier λ optimally. The successive approximations w n+1 , n ≥ 0, of the solution w will be readily obtained upon using the determined Lagrange multiplier and any selective function. Therefore, the solution is given by
Rational Approximation
A rational approximation for the function w(t) is the quotient of two polynomials H K (t) and S N (t) of the degrees K and N, respectively. We make use of the notation G K,N (t) to indicate this ratio [15, 16] :
The power series of w(t) in terms of t is given as Fig. 2 . Effects of parameter β on the velocity field.
We imposed the normalization condition to a polynomial in the denominator which is given below:
Expanding polynomials H K (t) and S N (t) in a power series in terms of t of order K and N, we get
Utilizing (7) - (8) in (6), we have
From (10), we arrive at a linear system of equations
and
From (12) 
Mathematical Formulation of the Problem
Consider the two-dimensional spherical motion of a particle in an incompressible Newtonian plane Couette flow. We consider that the particle will rotate with a constant angular velocity. The particle movement is completely traced by the collective effects of drag, inertia, and lift. Buoyancy and gravitational effects are assumed to be negligible [1, 2, 5, 6] . Therefore, the governing mathematical equations are given as follows:
where r and ρ 1 indicate the radius and density of the particle, respectively, and µ is the fluid viscosity. Furthermore, dots indicate differentiation with respect to time. We consider that the particle and fluid relative velocities are small. To apply VIM, we write (13) and (14) in the simplified form
where coefficients α to χ are defined as
and χ = 1.542
The associated boundary conditions signify insertion of the particle into the fluid:
To solve (15) - (18) with the use of VIM, we construct a correctional functional as following:
where λ 1 and λ 2 are Lagrange multipliers which can be determined optimally.x 1 n (ξ ),x 2 n (ξ ) are considered as restricted variations, that is δx 1 n (ξ ) = 0 and δx 2 n (ξ ) = 0. To find the optimal values of λ , we have
Following [10] , the stationary conditions are given by
On solving (22a) and (22b), we get
Substituting these values of the Lagrange multipliers in (19a) and (19b), we get an iterative formula of the form
(24d)
Convergence Theorem
In this section, we described the convergence criteria of our analytical approximate series solution obtained with the help of the variational iterative method [13] .
Functions of Class C k
A function is said to be of class C k if the first k derivatives x(t),ẋ(t),ẍ(t), ..., x k (t) all exist and are continuous. 
where L = Proof. Let us suppose that x j (t) and x j+1 (t) satisfy the correctional functional defined in (19), i. e.
Equivalently, (26) can be written as follows:
Now we apply the linear operator to (27) that yields
Utilizing the conditions (22a) -(22b), we have
Equation (29) can be written in operator form by the use of the definition of the linear operator:
Conversely, suppose that x j (t) and x j+1 (t) satisfy (25). Applying the definition of the linear operator first, we have
or
We multiply nonzero Lagrange multipliers λ (t,ξ ) and apply integration on both sides from 0 to t, which gives
Employing integration by parts on the left hand side of (33), yields
Using again the variational conditions (22a) -(22b), we get
which is the required proof. 
Series Solutions of Variational Iterative Method
In this section, we used the correctional functional in order to calculated few components of the series solution of the problem formulated in Section 4. The correctional functional forms (19a) -(19b) are
Now the components of the series solution are Fig. 5 . Effects of parameter α on the velocity field. Fig. 6 . Effects of parameter β on the velocity field. 
The series solution is given by Table 2 . Solutions of VIM for Table 3 . Solutions of VIM for ues in Tables 1 -3 for both components of the velocity fields.
Results and Discussions
In this section, we mainly discusse the efects of different flow parameters on the velocity field.
From Figures 1 -8 , we can draw the following results:
• Increasing the values of the parameter α increases the velocity profile in x-direction.
• Increasing the values of the parameter β decreases the velocity profiles in x-direction.
• The velocity profiles decrease as the values of the parameter χ increase.
• Increasing the parameter 'a' increases the velocity profile.
• An increase of the parameter vaues α, β , and χ reveals the same effects on the velocity profiles, that is decreasing, by increasing these parameters values in the case of y-direction.
• Increasing the parameter 'a' increases the velocity field also in y-direction.
Concluding Remark
Our primary purpose here is to examine the effects of physical flow parameters on velocity profiles and offer a new approximate solution scheme for spherical motion of a particle in a plane Couette flow by using VIM-Padé. The technique overcomes the complexity as it arises in other methods for linearizing the original problem. We derived fast convergent results by combining the series obtained by VIM with the diagonal Padé approximants.
